that of the parent species, making the impact of the Spanish hybrid banded newt population difficult to predict.
Introduction
Human activities are causing a worldwide mass extinction of amphibians (Wake and Vredenburg 2008) . Next to habitat destruction, the most important anthropogenic factor causing species extinctions is the introduction of exotic species (Sax and Gaines 2003) . While many exotic species disappear quickly after introduction, some occasionally become invasive and threaten local wildlife (Pimentel et al. 2001) . Competition with and predation by exotic taxa can cause major declines in native taxa (Kats and Ferrer 2003) . Introduced species may also carry alien pathogens against which native species do not have an adequate immune response (Martel et al. 2014) . Moreover, introduced species may threaten the genetic integrity of natives by hybridisation (Fitzpatrick and Shaffer 2007; Meilink et al. 2015) .
In May 2011, an introduced population of banded newts (Ommatotriton sp.), a genus endemic to the Near East (c. 3000 km eastwards), was discovered in two adjacent ponds near Lleida in Catalonia, Spain (Fontelles et al. 2011, Fig. 1) . The newts were found in an area with many ponds and watering holes for cattle. Efforts to eradicate the population are underway, including the direct removal of adults and larvae, and desiccation of ponds (Fontelles et al. 2011; D. Martínez, pers. comm) . In October 2016, after the peak of emergence of juveniles, few metamorphic individuals were Abstract The three species of banded newt (genus Ommatotriton) are endemic to the Near East. Recently an introduced banded newt population was discovered in Catalonia, Spain. To determine the species involved and the geographical source, we genotyped 11 individuals for one mitochondrial and two nuclear genetic markers, and compared the observed haplotypes to a range-wide phylogeography of Ommatotriton. All haplotypes identified in Spain are identical to haplotypes known from the native range. Litvinchuk et al. 2005; Kutrup and Bülbül 2011) . Based on X-rays of a single individual with NRBV = 13, the Spanish population was identified as O. ophryticus (Fontelles et al. 2011 ). However, NRBV is known to be environmentally plastic in salamanders . Furthermore, pictures of Spanish banded newts show features reminiscent of O. nesterovi, in particular the lateral white band that continues from the front limbs up to the eye and is interrupted by large blue specks on the tail (B. Wielstra, unpublished data).
Considering the uncertainty regarding specific identity and hence the geographic origin of the introduced banded newt population, we genotyped 11 Spanish individuals for one mitochondrial and two nuclear markers and compared the results to a range-wide Ommatotriton phylogeography (van Riemsdijk et al. 2017) . We also used species distribution modelling to investigate the potential of the Spanish banded newts to spread over Iberia.
Materials and methods
Tail and toe tips from 11 Spanish Ommatotriton individuals were collected with permission from the Servicio de Fauna y Flora, Generalitat de Catalunya, Spain. Samples are stored in the Museo Nacional de Ciencias Naturales Tissue and DNA Collection in Madrid, Spain (Online Resources 1). DNA was extracted with the Qiagen DNeasy Blood & Tissue Kit. Fragments of one mitochondrial (COI, 658 bp) and two nuclear markers (KIAA, 600 bp and SACS, 624 bp), all nuclear markers for which reference data from the natural range are available, were amplified following van Riemsdijk et al. (2017) . Sanger sequencing was done commercially at BaseClear B.V., Leiden, The Netherlands. Sequences were edited in Sequencher 4.10.1 (Gene Codes Corporation, MI USA) and nuclear alleles were phased with the PHASE 2.1 algorithm (Stephens and Donnelly 2003) in DnaSP 5 (Librado and Rozas 2009). Sequences were combined with the dataset of van Riemsdijk et al. (2017) in Mesquite (Maddison and Maddison 2015) and collapsed into unique haplotypes (Online Resources 1). For the nuclear markers, haplotype networks were built using PopArt 1.7 (Bandelt et al. 1999; Leigh et al. 2016) . Species distribution models for O. ophryticus and O. nesterovi, based on bioclimatic values and presented in van Riemsdijk et al. (2017) , and an additional model combining distribution data for both species were projected onto current climate layers of northern Iberia, to approximate the suitable area in the introduced range and the invasive potential of the exotic population.
Results
All mitochondrial and nuclear haplotypes observed in the Spanish population were identical to haplotypes from the native range (van Riemsdijk et al. 2017 ). The two mitochondrial haplotypes found in the Spanish population were identical to O. ophryticus haplotypes from the Trabzon Province in north-eastern Turkey (Figs. 1, 2a , localities 18 and 19 in van Riemsdijk et al. 2017 ). The Bayesian phylogenetic tree for COI in Fig. 2a is adapted from van Riemsdijk (Fig. 2b, c, d ). All Spanish individuals show ancestry of both species. Linking nuclear haplotypes to particular native localities is impossible as both nuclear markers show little intraspecific phylogeographic structure. Species distribution models suggest that conditions at the Spanish introduction site are unfavourable for O. nesterovi, but favourable for O. ophryticus (Fig. 3) . A 'hybrid model' based on distribution data for both species suggests that conditions in and around the introduction site are more suitable for admixed newts than for the individual parental species.
Discussion and conclusions
Mitochondrial DNA suggests that the introduced banded newt population in Spain concerns O. ophryticus, in line with the number of rib-bearing vertebrae (Fontelles et al. 2011) . However, the nuclear markers show all individuals are genetically admixed between O. ophryticus and a second species, O. nesterovi, the presence of which was hypothesized based on pictures. Species identification based on mitochondrial data alone has proven, once again, to be misleading (Vences et al. 2005) . As all sampled newts are hybrids, the individuals initially introduced in Spain must have been either a mix of pure individuals of O. nesterovi and O. ophryticus, or hybrids themselves. This is the first evidence that hybrids between these two species are viable.
While the lack of geographic resolution for the nuclear haplotypes prevents us to identify a detailed geographical origin of the source for O. nesterovi ancestry, the country of origin is clear as this species is endemic to north-west Turkey. While for O. ophryticus the nuclear markers also lack geographic resolution, the mitochondrial marker pinpoints the origin of O. ophryticus ancestry to north-east Turkey. Considering that the contact zone between O. ophryticus and O. nesterovi is positioned c. 400 km to the west of the inferred region of origin of O. ophryticus, the Spanish population cannot derive from natural hybrids. Rather, taking into account that O. ophryticus and O. nesterovi have only recently been recognized (Litvinchuk et al. 2005; Bülbül and Kutrup 2013; van Riemsdijk et al. 2017) , the two species likely interbred in the pet trade.
The main impacts of invasive species on natives are competition, predation, transfer of alien pathogens, and hybridisation. The introduced banded newts are likely to compete for resources with native newts and prey on eggs and larvae of native amphibians to some degree (Borkin et al. 2003) . A chytrid fungus, Batrachochytrium salamandrivorans, which has proven highly lethal to European Salamandridae, was introduced via the salamander pet trade (Martel et al. 2014) . While no elevated amphibian mortality has been reported at the introduction site, monitoring should include screening for chytrid fungus and other pathogens (four introduced alpine newts, Ichthyosaura alpestris, in Catalonia were infected with a Ranavirus, see Martínez-Silvestre et al. 2017) . Hybridisation with native newt species, like Triturus marmoratus or Lissotriton helveticus seems a negligible risk, as Ommatotriton is not closely related .
The intermingled genomes in the hybrid banded newt population make it hard to approximate the actual niche (Canestrelli et al. 2016) . Hybridisation is known to potentially speed up the evolutionary process, leading to increased potential to adapt to new conditions (Allendorf et al. 2001; Dittrich-Reed and Fitzpatrick 2013) . Species distribution models highlight the potential of the introduced population to colonize northern Iberia and adjacent France. However, expansion beyond the introduction site might be slowed down because of a low density of suitable breeding ponds surrounding it and an extirpation effort in place (D. Martínez, pers. comm.). However, a contained introduced population could still negatively affect the native amphibian community locally.
The hybrid nature of the Spanish introduced banded newt population makes their impact on native species harder to predict. When the genomes of hybridising species are complementary, the resulting offspring may have a higher fitness than either of the parent species, resulting in a population of 'hopeful monsters' (Fitzpatrick and Shaffer 2007; DittrichReed and Fitzpatrick 2013) . Tangible proof of this theory was found for Ambystoma salamanders in California, where hybrid larvae between a native and an invasive species show a higher survival rate than either parent species (Fitzpatrick and Shaffer 2007) .
Considering the unpredictability of hybrids, we urge the relevant authorities to treat the biological control of the Spanish introduced banded newt population with caution. The efficiency of current measures such as the continued removal of individuals and pond drying should be closely monitored. Even if complete eradication might prove impossible, these measures are likely to reduce the negative effects of the exotic hybrid Ommatotriton population in Spain.
